MIT OpenCourseWare 
http://ocw.mit.edu 



6.641 Electromagnetic Fields, Forces, and Motion 

Spring 2009 



For information about citing tinese materials or our Terms of Use, visit: http://ocw.mit.edu/terms . 



6.641, Electromagnetic Fields, Forces, and Motion 
Prof. Markus Zahn 

Lecture 4: The Scalar Electric Potential and the Coulomb Superposition 

Integral 



I. Quasistatics 

Electroquasistatics (EQS) 




V X E = 




oH)«0 



V-(e„E) = p 

VxH = J + — (8„e) 



Magnetquasistatics (MQS) 



VxE = -|^H) 



VxH = J 



V'(m„h) = o 




dt 



V.J = 



II. Irrotational EQS Electric Field 

1. Conservative Electric Field 
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^E.ds = jE.ds+ } E.ds = ^ jE.ds =jE.ds 

Cab a a 

I II II 

Electromotive Force 
(EMF) 

EMF between 2 points (a, b) independent of path 
E field is conservative 

-o(r,,,)= jE.ds 

Scalar 
electric potential 

b _ f,e, _ b _ 

jE'ds = j E.ds+ j E.ds = <B (a) - O (r,,, ) + <B (r,,, ) - O (b) = O (a) - O (b) 
2. The Electric Scalar Potential 




Ar = Ax i ^ + Ay i „ + Az i , 

X y z 

An = Ar cos 
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AO = O (x + Ax, y + Ay, z + Az) - O (x, y, z) 



(l)(x,y,z) + — Ax + — Ay + — Az - (l)(x,y,z) 
^ ex 5y ez \ ''" I 



— Ax + — Ay + — Az 

ex ey dz 



so T so T so T 

'v + l„+ I- 

Sx Sy ^ Sz ' 



.Ar 



grad o = VO 



„ T S - S - d 
^='^S^"'vs7"'^^ 



J ^ T SO T so T so 

grad O = VO = I — +i — +i — 
^ " 8x ^ Sy ^ Sz 



I E.^ = o(Fj-o(r + Ar) = -AO = -VO.AF = E.Ar 



E = -VO 



AO AO- - 

AO = — ArcosG = — n«Ar = VO« Ar 
An An 



„^ AO - SO - 

VO = — n = — n 
An Sn 



The gradient is in the direction perpendicular to the equipotential 
surfaces. 



III. Vector Identity 

VxE = 



E = -VO 

V X (VO) = 
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IV. Sample Problem 



(Equipotential lines hyperbolas: xy=constant) 



E = -vo = - 



dd) - d(i> - 
— I + — I 
5x X 5y y 



y I + X I 

' X y 



Electric Field Lines [lines tangent to electric field] 
dy Ey X 



dx Ev 



ydy = xdx 



2 2 



2 2 2 2 

y - X = yo - 



[lines pass through point (xo,yo)] 
(hyperbolas orthogonal to xy) 




Figure 4.1.3 Cross-sectinnal view 
of surfaces of constant potential for 
two-dimensional potential given by (18). 



Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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V. Poisson's Equation 

v.E = V'[-V(i>) = p/sq => v^d) = -p/sc 



v^o = v.(vo) = 



^5 V 5 ^5 
I — +1 — +1 — 



d(t> - d(t> - d(i> - 
I + I + I 

ex ey y sz ^ 



S^O 5^0) 



ex^ ^ ey^ ^ sz^ 



VI. Coulomb Superposition Integral 
1. Point Charge 



E - ^ = q 

5r 47i8nr^ 



O = 



47r8or 



■ + C 



Take reference <B(r^oo) = 0=>C = 



47i8or 

2. Superposition of Charges 
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d^J (p) 



47lSn 



qi , _q2_ , ^ dq2 



r - r. 



r - 



r - r 



r - r 



(P) 



4nen 



n=l ""n all line, 

surface, and 
volume charges 



dq 



r - r 



x 'r'U' aJF' da' p F' dV 



n=ir-rn L r-r' s r-r' 



V r-r 



Short-hand notation 



plr' dv' 



V 4k£q 



r-r 
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